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CABBAGE DISEASES are preventable in the main 
by simple means of plant sanitation. 
Rotation of crops should be practiced, avoiding 
crops which belong to the cabbage family, such as 
cauliflower, turnips, Brussels sprouts, and kale. 
Keep down mustard and related weeds which har- 
bor cabbage pests. 

Drainage water and refuse from diseased cabbage 
fields will carry infection. So will stable manure 
with which diseased material has been mingled. 

The seed bed is often the source of infection. 
The greatest pains should be taken to insure healthy 
plants. Locate the seed bed on new ground, if pos- 
sible, or sterilize by steam the soil used. 

Clubroot is avoided by the free use of lime and by 
setting healthy plants. Disinfect all cabbage seed 
before planting, to prevent black-rot and black-leg. 
Yellows is due to a fungus which persists in the soil 
for many years. Varieties of cabbage resistant to 
disease are being developed. 

This bulletin is a revision and extension of Farm- 
ers' Bulletin No. 488, entitled " Diseases of Cabbage 
and Related Crops and Their Control." 



CABBAGE DISEASES. 



COKTEI^iTS. 



rage. 

Cabbage and other cnicifers 3 

1 1 o «• t he \*arlou.s d i$<mcs a re d Lssem inat ed . . .1 
l^arm praeH^t tnd tk» r«toViofi to th« control 

Qfdimam ti 

1 mporUnt o»bbiiR« and onidftroufi dfa^asvi^. . 9 

Clubfoot (eiubfoot, flng«r and toe) 0 

lioot-knot (nematodes) II 

Ulack-rot (brou-n-rot, stem-rot, dry-rot) . 13 

YcIIo\rs ( yellovv-sldes, wilt, dry-rot) l.i 

niack-Ieg (foot-rot, \v0t) 10 

Soft-rot 21 



Pagt. 

Important onbbajie and <ni4^firoiKt dh uws u m 
ContlmiwI. 

Root-rot (wiJt) 22 

Malnutrition, a physiological disease 23 

Dovmy mlldtw % 

Whl*#-nwrt 36 

Drop 27 

Si)ot disease of canJiflower 2" 

Bhck leof-spot (black mold) ^ 

Powdery mUdew 29 

Pamping-ofT 30 



CABBAGE AND OTHm CtUCIFEKS. 



"RO^^l THE OKKJIXAL WILD STOCK of 
eAbl>ifcge have come CiUiliflower. Hrussels 
si)roiits. kolil-nihi. colhinls, luul kale. Other 
enltivated phiiits ch)sely rehited to tho.^e 
already inenti()ii©d urn twriiii^, li^disl^. riri^^ 
broceoli, nitaha^^a, and charlock. Among tlie 
related wild i)lant.s sliei)licrd s-i)iirKe, jiejiper- 
grasF, mrd mt^Mvd trt of miy^ frequent 
oceurrenee. Mustard is sonietinics cultivated, 
but it grows so i:)rofiisely under all conditions 
tJijit it m pwtifrpfj better el»^#fl Bm ob- 
noxious weed. The term "crueifei's'' used in this bulletin refers col- 
lectively to all the vegetables and weeds nieutioued in this jnira graph, 
whieh belong fro tJie l)ofe«nie*l familf Gitiaf^-mj m t*nlled from d^he 
form of the four-pet a led flower. Practically all of them are subject 
10 the same di senses, so that any method for the control of (he dis- 
aft£*Q6 of cjibbftfe or efwiiliflowcr, for ix».mpl<i, emu be iippli#d t-o other 
erueifers as well. 




HOW THE TARIOCS DISEASES ARE DISSEIdlNATED. 

Fungous and bacterial diseases are carried from one place to an- 
other bj various niOAiis, such as (1) insects, (2) infected seed, (3) 
traniqolftnting from au ijiAx^^d bod lo tiie field, (4) drainsvgo 
water. (;")) cabbage rcfu^ luid s^:)lo m^nre, (6) fsrm animds and 
tools, and (7) wind. 
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INSECTS AS DISEASE CARRIERS. 

Insects frequently are distributors of diseases. For instance, the 
bacteria causing the black-rot of cabbage is carried from one plant 
to another and from one leaf to another by slugs, snails, etc. Insect 
wounds offer favorable places for infection with certain diseases. In- 
sects which visit cabbage and other crucifers are likely to carry the 
germs on their bodies and deposit them on the parts of noninfected 
plants. If the conditions are favorable, infection then takes place. 

Certain insects are attracted to diseased areas of plants by the odors 
emitted therefrom. Cabbage affected with clubroot has a very offen- 
sive odor at some stages in the development of the disease, and this 
odor has been known to attract insects. New infections may be 
brought about by these insects visiting other plants. 

INFECTED SEED. 

Growers of cabbage for the market seldom raise their own seed, 
but purchase it from seed growers. The same can be said of cauli- 
flower and other related plants. If the seed is grown where diseases 
are prevalent it is possible that some disease may be introduced with 
the seed. The germs of some of our worst plant diseases, including 
the black-rot and black-leg of cabbage, have been found to overwin- 
ter on the seed. For this reason it is always advisable, as a precau- 
tionary measure, to treat the seed with some disinfectant before sow- 
ing. (See pp. 6 and 7.) 

TRANSPLANTING. 

Plants that are started in a crowded seed bed, which is often lo- 
cated on old ground near the house or in the garden, are frequent 
carriers of diseases to a noninfected field. In such crowded condi- 
tions diseases are readily communicated from one plant to another. 
Some of the diseases of cabbage and cauliflower, such as clubroot, 
are known to be distributed to some extent by insects. The insects, 
burrowing through the ground or feeding upon the roots, carry the 
disease from the roots of one plant to those of another. The loss in 
the field can be greatly reduced if care is exercised to prevent the in- 
troduction of the disease into the seed bed by proper disinfection of 
the seed and selection of clean soil or by soil disinfection where rota- 
tion is impracticable. 

DRAINAGE WATER. 

Drainage water or the run-off during heavy rains probably fur- 
nishes one of the most important means for the dissemination of 
plant diseases and has been found in many places to explain the 
presence of a disease in fields where cabbage or other crucifers have 
never before been grown. If the crop is planted on high ground the 
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germs from the refuse of diseased plants may be washed to the low- 
lying fields during heavy rains. In the hope of avoiding the disease 
by crop rotation, a new field on this low ground may be selected, 
where the disease will prove as severe as on the abandoned field. 

In some sections where cabbage is grown on a commercial scale it 
is customary to set the plants with a machine which drops about a 
half pint of water for each plant. For this purpose the Vater from 
drainage ditches, which is often the run-off from a field where some 
bad disease has been present, being the most available, is frequently 
used. This use furnishes another method of spreading disease, as 
was illustrated in a field set to cabbage for the first time, where the 
water used in setting a part of the field was obtained from a well; 
for the remainder, water from a drainage ditch adjacent to a field 
planted to cabbage the previous year was used. The plants set in 
both portions of the field were secured from the same seed bed. The 
yellows was very severe where the plants were set with water from 
the drainage ditch ; the other part of the field was free from it. 

CABBAGE REFUSE AND STABLE MANURE. 

A not uncommon practice is for farmers to throw the refuse of 
cabbage or other crops on the manure heap, the compost thus formed 
being hauled out and distributed on the fields the following spring. 
Near sauerkraut factories the refuse is often spread directly on the 
cabbage land and plowed under. These are bad practices if the 
crop is diseased, as the causal organisms may thereby be readily dis- 
seminated. 

The value of cabbage leaves as fertilizer is doubtful. They con- 
tain nearly 90 per cent of water, so that even if all the dry matter 
had fertilizing value, the quantity is ordinarily so small as to be of 
minor importance. In any case, the refuse should be plowed under 
on fields designed for the culture of crops other than cabbage or its 
relatives. 

DISTRIBUTION BY FARM ANIMALS AND TOOLS. 

While the- use of sheep or other animals in cabbage fields is recom- 
mended for saving the waste, it should be remembered that the 
worst diseases are perpetuated in the stem and root tissues, which are 
not eaten. On the other hand, grazing animals passing from the 
cabbage lands to other fields may scatter the ^erms of cabbage dis- 
eases. Many of these germs pass through the digestive tract un- 
harmed, and in any case they are easily carried with the soil on 
the feet of animals. A reasonable amount of care, therefore, should 
be exercised so that infected soil will not be transported to new cab- 
bage fields by cultivators and similar tools and by draft horses. 
While such matters are in some degree unavoidable in farm opera- 



6 



FARMEKS' BULLETIN 925. 



tions, these facts should always be understood and all reasonable 
precautions taken to avoid them, especially with such serious soil- 
borne disease as clubroot and yellows. 

DISSEMINATION BY WIND. 

Dissemination by wind is perhaps not so important a factor in the 
distribution of diseases of cruciferous plants as some already men- 
tioned. Nevertheless, in certain districts where the soil is light, 
where dry weather prevails a part of the year, and high winds are 
common, spores may be carried long distances. The diseases that are 
external to the leaves are more likely to be distributed in this way 
than parasites which are situated in the soil or in the internal portion 
of the plant. 

FARM PRACTICE AND ITS RELATION TO THE CONTROL OF 

DISEASES. 

Several methods by which diseases may be carried from one plant 
to aliother, from one field to another, or, indeed, from one part of 
the country to another have already been pointed out. In view of 
these facts the first aim of the farmer should be to prevent, if pos- 
sible, the introduction and distribution of destructive diseases on his 
farm. In order to accomplish this, several precautions should be 
observed, of which the more important are (1) the disinfection of 
seed, (2) the location and care of the seed bed, and (3) crop rotation. 

DISINFECTION OF SEED. 

American cabbage growers, as a rule, prefer to buy seed rather 
than grow their own, and, in general, this custom is based on sound 
economic principles and will continue. Seed growing is an industry 
in itself, requiring specialized cultural methods and certain favorable 
climatic conditions. Because of these facts most of the American sup- 
ply of cabbage seed is grown on Long Island or near Puget Sound, 
or is imported. Those engaged in this seed-growing industry are, as 
a rule, not well informed about most cabbage diseases and use no 
special precautions to insure the production of seed free from the 
germs of disease. Certain diseases, including black- rot and black- 
leg, develop on seed plants and are disseminated with the seed, and 
probably nearly all the other disease parasites discussed in this bul- 
letin may do so under some conditions. It is therefore probable that 
disease germs are being distributed with the seed very commonly. 
Fortunately, the cabbage grower may easily guard against this dan- 
ger by the disinfection of his seed before sowing. The process is 
simple and safe and is applicable to cauliflower, turnip, and other 
crucifers, as well as to cabbage. 
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Use 1 ounce of formaldehyde (40 per cent) to 2 gallons of wafer, 
or 1 teaspoonf ul of formaldehyde to a teacupf ul of water. Soak the 
seed 15 to 20 minutes in this solution, dip in clear water to wash off 
the formaldehyde, and then spread out in a thin layer to dry, stirring 
if needed. There is no danger of injury from slight modifications in 
either the strength of the solution or the length of immersion pro- 
vided the seed is well washed and quickly dried after treatment. 

LOCATION AND CARE OF THE SEED BED. 

Cabbage, cauliflower, and some other plants of the same family are 
generally started in a seed bed before being set in the field. As 
previously pointed out, some of the worst diseases of these crops may 
be transferred to noninfected fields by means of the plants from the 
seed bed. In order to grow strong, vigorous plants as quickly as 
possible, compost or stable manure is applied liberally to the seed 
bed. The mistake is often made of placing the bed on an old cabbage 
field where diseases may have been present, because the soil happens to 
be fertile or for other reasons. Furthermore, the manure might be, 
and often is, taken from the heap where diseased plants have been 
thrown to compost, or it may be from animals that have fed on dis- 
eased cabbage. In either case there would be great danger of intro- 
ducing the diseases into the seed bed. The transfer of such plants to 
the field would naturally mean the transfer of the diseases affecting 
them. To avoid this danger, always make the seed bed on new soil, if 
possible. Where it is necessary to use old soil which may contain 
germs, it should be disinfected. 

Mr. W. W. Gilbert, of the Bureau of Plant Industry, recommends 
the following methods for disinfecting the seed beds: Sterilization 
(1) by means of draintile laid in the bottom of the beds, through 
which steam is passed; (2) by means of an inverted pan under which 
steam is admitted, or (3) by drenching the soil with a formalin 
solution. 

In the tile method of steaming, lines of 2-inch to 3-inch glazed tile 
are placed lengthwise in the beds to be sterilizedj 2 to 2^ feet apart 
and 15 inches below the surface, and are left there permanently. 
They provide drainage for the beds, may be used for subirrigation, 
and are available at any time for sterilizing the soil, the only outlay 
for labor being the covering of the beds with boards or a tarpaulin 
and the connecting of the tile with a boiler by means of a piece of 
steam hose. The soil need not be moved, and thus a large part of 
the labor involved in sterilization is obviated. It is advisable, how- 
ever, to spade up the soil, so that the steam may more readily pene- 
trate it. 

Another method of steaming, by means of an inverted galvanized- 
iron pan, 6 by 10 feet and 6 inches deep, under which steam is ad- 
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mitted, has been used in the sterilization of tobacco seed beds and in 
greenhouse beds and has given very satisfactory results. The use of 
steam at a pressure of 80 to 100 pounds and treatment for half an 
hour to an hour after the soil has reached a temperature of 212° F., 
as indicated by soil thermometers, has given the best results. 

Formaldehyde sterilization is accomplished by drenching the soil 
with a 1 to 100 or 1 to 200 solution of standard formaldehyde (40 
per cent) , at the rate of three-fourths of a gallon per square foot of 
area, several days before the soil is to be used. Formaldehyde, how- 
ever, does not rid the soil of nematodes, as steaming does. This 
method has been used to good advantage in the sterilization of lettuce 
beds for the prevention of fungous diseases. Detailed directions for 
soil sterilization by the methods here outlined will be found in Farm- 
ers' Bulletin No. 736, entitled " Ginseng Diseases and Their Control." 

CROP ROTATION. 

Crop rotation is an essential practice, whether or not it is necessary 
in tile control of any plant maladies. There are numerous fungous 
diseases which reappear year after year on the same field if a suitable 
host is present. Some of them, such as the clubroot of cabbage, are 
strictly soil parasites and can not be controlled by any fungicide. 
About the only method left to get rid of the organism is to starve it 
out, and this can be done only by a well-planned system of crop rota- 
tion. Most of the organisms like the clubroot of cabbage have a 
number of hosts on which they live, any one of which will serve to 
perpetuate the disease. It is therefore necessary to avoid planting 
in close succession crops that are affected with the same parasites. 
The length of the rotation depends largely upon the disease and the 
thoroughness with which the system is carried out. There are only 
a few diseases that will be killed out by a three or four year rotation, 
and instances are known where one of six or more years has failed to 
eradicate the malady, though its severity was greatly reduced. There 
are several reasons why long rotations are frequently necessary. 
(1) Many weeds which are overlooked by the farmer during cultiva- 
tion perpetuate the diseases. (2) Certain parasites are able to live 
for a time on decayed vegetable matter when a suitable host is not 
available. Just to what extent this is the case is not always known. 
(3) Some fungi have the ability to remain dormant for a consider- 
able length of time in the absence of a suitable host. The organism 
causing cabbage yellows, for example, has been known to be dormant 
in dry soil for three and one-half years and then to produce the dis- 
ease. For ordinary practice, however, a rotation of four or five years 
is sufficient to reduce greatly the loss from most parasites. Deep and 
frequent cultivation, by means of which the organisms are exposed to 
the air and sunshine, assists in exterminating them. 
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FUNGICIDES. 

The leaf diseases of cabbage, cauliflower, and related crops are 
relatively so unimportant that spraying is seldom required. The 
most important diseases are internal or soil parasites, which are out 
of the reach of fungicides. 

IMPORTANT CABBAGE AND CRUCIFEROUS DISEASES.' 

The following is a classification of the most important diseases of 
cabbage and cruciferous plants, with the pages of this bulletin on 
which they are discussed : 

Page. 



Diseases of the root: 

Clubroot (clubfoot, finger and toe). 9 

Root-knot (nematodes) 11 

Diseases affecting root, stem, and leaves: 

Black-rot (brown-rot, stem-rot, dry-rot) 13 

Yellows (yellow-sides, wilt, dry-rot) 15 

Black-leg (foot-rot, wilt) - 19 

Soft-rot 21 

Drop 27 

Root-rot (wilt) 22 

Malnutrition 23 

Diseases of the leaf only: 

Downy mildew - 25 

White-rust 26 

Spot disease of cauliflower 27 

Black leaf -spot (black mold) 28 

Powdery mildew 29 

Diseases of young seedlings: 

Damping-off 29 



CLUBROOT (CLUBFOOT, FINGER AND TOE). 

Description, — Plants affected with clubroot, even in the presence 
of abundant moisture, show in the earlier stages a wilting of the 
foliage in the sunshine, with recovery toward evening or when cloudy 
weather comes on. They are characterized by malformations of the 
roots in the form of swellings (fig. 1), sometimes as large as two fists. 
Few or no lateral feeding roots are formed. The disease generally 
attacks the plants when young, often in the seed bed, and plants so 
affected have a stunted, sickly appearance. Diseased plants seldom 
grow to maturity. The clubroot of crucif ers might be confused with 
root-knot, which is characterized by similar enlargements of the roots 
caused by a minute eelworm, or nematode. The malformations caused 
by nematodes, however, are usually not so large. While present to 
some extent in the North, especially in greenhouses, root-knot is more 
commonly met with in the South. 



1 Various names are often applied to the same disease, as shown in this classification. 
24131°— 18 -BuU. 925 2 
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Fig. 1. — Knlar^cd roots* of cahbacc caused b.v 
the diibroot orpinlsm. 



seed bed shonld be pnicticed. 



Control. — llie e4nbr(K>t or- 
ganism is % sciil pmjasiie, itud 
for that renson reeourse must 
be made to some form of soil 
treatment. The organism 
thrives best in an "acid " soil, 
and in view of tJiis fact slaked 
lime at the rate of about 75 
bushels per acre nddod every 
few yeai*s will keep the disease 
in check. The lime shonld be 
added some months before 
planting. If the crop is to be 
planted early in the spring tiie 
lime shonld be api)lied the pre- 
vious falK but if a late plant- 
ing is desired it- ca4.i be piut on 
in tlie spring. 

Seedlings are very suscepti- 
ble to Xlvt di^iia@, tuid. Ui^ nl- 
most i^rceantion nmst be taken 
to grow the plants on uninfect- 
ed soil, or disinf@etLo*i of the 
Furthermore, diseased plants shonld 



be destro3'ed by burning and shonld not be thrown on the manure 
pile or left in the field. Crop rotation should be i)racticec1 : *nd, as it 
has been found that the disease will live in the soil for several years, 
the rotation should be a long one. All cruciferous weeds should be 
destroyed, and no cultivated crucifers shoidd l)e used in the rotation. 
The disease has been found in this country on cabbage, cauliflower, 
rutabaga, turnips, radishes, Brussels sprouts, and mustard among the 
cultivated plafife i!nd fiocue of t\\% weeds of \iy^ snine family. It 
probably occurs on many others. 

No variety of these crops is known to be positively resistant to 
elubroot, though the Hollindftr varioty of cHbbji^e is dftimed by some 
growers to be partially resistant. It has also 1)C(mi observed that the 
varieties of blue or red cabbage are less susceptible to clubroot than 
tlie Succession la-riety. Unfortun3i4s»l.y, however, fJioiigh itppiw*«itlf 
more resistant, these colored types are not good for all commercial 
purposes as, for example, the manufacture of sauerkraut. 

Duh*ibutio^i mul lorn, — Clubroot has been known in Europe fta* 
more than a century. It occurs in England. Holland, Russia, and 
other European countries. Its presence in Australia has been known 
for a numbor of ye^-s. It has jilso be€n reporfiiwS from New Zealand 
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and from 20 Stiitcs in this eoiiiitry and probably occurs in many more. 
It is present over most of the eountr}^ cjxst of the Mississippi River. 
In some seasons, from 40 k) 50 per mni of Uie erop in the affected 
fields is lost by this disease. 

Cause. — Ciubroot is productMl by the invasion of llic roots by a siimc mold,' 
one of tlie lowest forms of iifo. At one time insects were suspected to occasion 
tiiis disea%e, largely bacanso Uiey wore fr©guentl.y prasejit In the swtllinfs of 
tiie roofs. Ji i$ iH?w toiown Hint MMf nrm Attract^ b» t^m ocldr of the d«cay- 
inf? roots. iiliMI moid cjiusinsf (•lni)root i* composw^l of » ina»s of motile 

prot(»piasni witidn tho roots of the plants. Later it brwd^s up into numerous 
frnitiuf: bodies, or spores. The spores then germinate and tlio content escapes 
as sevoral Irre^niar masses of protopljisni. each provldiMl witli n whiplikc 
appendage. When they come in contact with tJie proi>er limt tltey eut«r th© 
tondor roots and form the disease anew. 



ROOT KM)T (MIHATODES). 



Dcsmpthn. — Some eonfiision is likely to rcsidt in trying to dis- 
tinguish between root-knot and eliibroot. While the orgftinisms caus- 
ing tlic t\ro fli^ast^ fi4^ quie© ditfoi-wiU ^foete^ produced on Uic 
roots bear some points of reeeiiibljijice. (Conipurt figs. 1 wd 2.) 
Boot-knot, as a riilCj 
is characferized by 
smaller swellings 
tlmji cliibroot, more 
of the lateral feeding 
roots are affected, 
and the nodnlcs arc 
located nearer tJie 
tips of the roots. If 
upon breaking opfia 
the swellings on the 
roots pearly white 
bodies about the size 
of a pinhead are 
found, root-knot is to 
be suspected. These 
white specks within 
the swellings are the 
enlarged egg-bearing 
female eel worm s, 
whieb cause the dis- 
ease. The interior 
mass of eliibroot is 
slightj.jp iiijikish or 




Fig. 11. — l^ilftr£(?(1 roolK of ciibt>Hge caused by neumtcKltMi. 



> Phamiodiophora bnt894cat Wor. 
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brick colored. Root-knot affects a great variety of unrelated plants, 
while clubroot, so far as known, occurs only on crucifers. 

Furthermore, root-knot is confined largely to the light, sandy soils 
in the South, although it may occur in the Northern States. 

Control. — Crop rotation has been found to be a most effective 
means of controlling this disease, the object being to use crops im- 
mune to root- knot for the purpose of starving out the worms. When 
this method of eradicating the disease is employed, a rotation of at 
least three years, accompanied by clean cultivation, should be prac- 
ticed. There are some 480 different species of plants already known 
to be susceptible to root-knot, among which are many cultivated 
plants and numerous weeds. Crops known to be immune or highly 
resistant to the disease that can be used in the rotation are corn, win- 
ter oats, rye, timothy, pearl millet, sorghum, wheat, crab-grass, the 
Iron and Brabham cowpeas, velvet beans, peanuts, and beggarweed. 
Some of the cultivated crops susceptible to the disease and, therefore, 
to be avoided in the rotation are alfalfa, vetch, soy beans, cowpeas 
(except the Iron and Brabham), clover, tomatoes, cotton, okra, cu-- 
cumbers, cantaloupes, watermelons, celery, beans, sweet potatoes, 
tobacco, potatoes, peaches, figs, mulberries, and all crucifers. 

If the disease occurs in the seed bed or greenhouse, the soil should 
be sterilized by live steam in accordance with one of the methods 
referred to on pages 7 and 8. 

Distribution and loss. — Nematodes on different crops have been 
found widely distributed, but more especially in tropical and sub- 
tropical climates. Their greater abundance in warm climates indi- 
cates that they are natives of the Tropics, and when found in the 
colder climates they have probably been introduced. The total loss 
caused by nematodes is very great, much more than is generally ap- 
preciated. 

Cause. — Root-knot is caused by a parasitic eel worm (Heterodera radicicola 
(Greef) MiiU.) one-twentieth to one-sixtieth of an inch in length. It penetrates 
the small roots and causes irregular sweUings of various sizes. The nematode 
enters the roots in the larval stage. It then becomes motionless and graduaUy 
enlarges. After its entrance into the host, changes take place, the male retain- 
ing the worm shape and the female becoming pear shaped. Each female lays 
several hundred eggs. Under favorable conditions a full life cycle can be com- 
pleted in about four weeks. Nematodes migrate slowly in the soil, the distance 
covered in a single year probably not amounting to more than 1 or 2 yards. 
They are dependent upon foreign agencies for means of wide distribution. 
Nematodes probably pass the winter in the soU in the larval stage, though it is 
claimed that they winter in the roots of perennial plants in the mature stage. 
For a fuller discussion of this subject see Farmers' Bulletin 648, entitled " The 
Control of Root-knot." 
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BLACK-ROT (BROWX-ROT, STEM-ROT, DRY-ROT). 

Description. — Of flie syiul)toins of the black-rot, Dr. Erwin F. 
&nitJi SHjs:^ 

Tlic disease may appear In the phint at any staj;e of growth and Is character- 
ized by the followlnj; synii>tonis: ^)\vnr^i^^^, (»r one-slde<l jrrowth of the heads, or, 
If the dls(»iise Is very severe and has hej:nn early In the season, by the entire 
absence of any heads, and In (»xtrenie cases by the death of the plant. Occa- 
sionally the heads rut and fall otT, bnt thlf 1$ not a iiece^ary coii^^nenc^ tht 
soft, l.)ad-^niQllln|f rgt balui; dne ti> 
t4i« caitaunce uf other m-fiinilins. 
If t\\Q tUinii)* of afrect0«l pltjits ire 
broken or cut across, a brown or 
black rin^ (lij?. a) will be ob- 
served, c(aresi)ondlnj^ to the woody 
part of the stem, this i)art of the 
stem helnj: esi)ecially subject to the 
dlsH^i^ In bnd ca^^es this black- 
m\\\\% nm^v \m m%\\f traced u^wnrd 
Into til If (xaitiui* rtf the la^d and 13s 
generally worse on one side. 

Infection usually takes place 
at tiie margin of the leaf (fig. 

h). The progress of the dis- 
ease from the point of infec- 
tion can frequently be traced 
Ihrongli the veins of the leaf 
(fig. 3, 6') by the blackening of 
the bundles. Tlie niar^nAl 
infection is later followed by a 
browning and drying up of 
tile in^cted ams of the leaf. 

CantroL — It is to be re- 
gretted tJiat no sure inetJiods 
ft)r controlling bl;lck-rot jIiTC 
known, but the observance of 
certain precautions will pre- 
vetit serioTis loss ft*om tJvis very 
destructive disease. (1) The 
germs are known to be carried 
on tire seed; tJierefore, all sted 
should be disinfected before sowing, in accordance with the method 
described on page 7. (2) Care should be exercised in the prepara- 
tid!i of the seed bed. and only manure and soil should be used that 
are known to be free from tJie disease. (3) Crop rotation, whether 
for the prevention of disease or not, is always a good practice. In 

» Smith. Erwln V. The blnck-rot of tho cabbasc. Karmers' Bull. 0S» pp. 5-C. 19©8. 




Fie. «. — lfrl«ck-rot : a, Spctlmi* throuf li n tm^ 
hn;!C 8tom. showing I ho coiin>|«ioiis rlnif of 
black bunrilos riinsod b.v the bUok-rol orKiin- 
Ism ; b, Infoctlon through the volns at tho 
mnrRln of a lonf; c, a cabhapre leaf, showlnj? 
iho blackonlDK of tho veins as a r&sult of the 
Invaijlon of black-rot organism. 
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connection with black-rot it is very important. To control the dis- 
ease by this method the rotation should be one in which no culti- 
vated crucif ers or cruciferous weeds are allowed to grow in the 
ground for four or five years. (4) Insects, slugs, snails, etc., by 
crawling from infected to noninfected plants carry black-rot organ- 
isms; when possible, they should be kept in subjection. (5) Live 
stock should not be allowed to roam at will over diseased cabbage 
patches, as they may carry the organisms to noninfected fields. (6) 
Diseased plants as soon as detected should be pulled up and destroyed 
and not thrown on the manure heap to compost. 

Distrihwtion and loss, — Black-rot has been reported from many 
States east of the Mississippi Kiver and from a few west of it. For 
20 years or more it has been destructive in the States of Ohio, Wis- 
consin, Michigan, and New York. In recent years several other 
States, particularly Virginia, Iowa, New Jersey, and Texas, have re- 
ported outbreaks. The disease has been injurious to cabbage as far 
south as Florida, and extends through all the States north into Can- 
ada. In 1908 it was reported from the State of Washington, but it 
has not occurred to our knowledge in any of the Kocky Mountain 
States with the exception of Colorado and Arizona. It is also well 
known in almost all parts of Europe and has been reported from the 
islands of Cuba, Porto Eico, and New Zealand. 

The loss to cabbage and related plants from black-rot probably 
exceeds that of any one of the other diseases. It does not end in the 
field. It often happens that an apparently sound head is found to be 
rotten inside. The difficulty of detecting such heads and the fact 
that some are overlooked in handling result in placing many in stor- 
age, where they further decay. 

Cause. — Black-rot is caused by a yellow bacterium/ Infection takes place 
through the leaves and occasionally through the roots. When infection takes 
place through the roots the organism spreads throughout the plant by following 
up the woody portion inside the stem (fig. 3, a). Probably most of the infections, 
however, take place at the margins of the leaves, either through punctures made 
by leaf -sucking insects or in the small droplets of water which collect at the 
margins of the leaves during cool nights and in damp, rainy weather. The 
organisms then find their way into the interior of the plant. 

It is not positively known how the organisms get to the points of infection on 
the leaf, but presumably they are carried there on the bodies of insects or lodged 
on the leaf from the dust in the air. The progress of the disease from the point 
of infection is inward and downward. It follows the bundles of the leaf. The 
portion of the leaf around the point of infection, except the fibrovascular bundles, 
first turns yellow, then brown, and finally dries up. The veins of an infected 
leaf are black. Infection may take place at several points on the same leaf and 
on several leaves of the same plant. In the course of time the disease advances 
to the base of the leaf and enters the stem, from which point it may infect many 
other leaves and work up through the center of the head. 



'^Bacterium eampestre (Pammel) Erw. Sm. 
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YBLLOWS (YlLLOW-StMNI, WILT, Maf^OY). 



Description, — Infected plants usually show tho characteristie symp- 
toms of tho yellows in two to four weeks after transplanting, but the 
cKsea^ mny a^pptjur earlier in tlic 9ec<l bed. The parasite fii*st injiit^e 
the fibrous root system and thus stunts the plants and gives them a 
lifeless, yellowish green color. Sometimes the yellowing is nniform; 
nioi*e oft^ it is woi-se on one side, canting a l**l*rEl warping or cmfl- 
ing of stem and leaves (fig. 
4). Early symptoms of the 
e«n be seen by dating 
aeross the base of the stem, 
where the invaded vessels of 
the woody ring show a 
darker water-soaked eolor. 
This eolor deepens with Uie 
p^ogi'tes of the disease anid 
tho overlying tissues gradu- 
ally die and eollapse, result- 
ing ill % S!moo\(n*H\ mx\lkm\ 
stu'faco and the curving or 
wiii'pi.ng of the stem already 
mentioned. The yellowed 
plants early shed their lower 
leaves while making a weak 
attempt to coiitinue growtJi 
above. In the woi'st cases, 
death may result within two 
weeks ot* m a^li^* teansplant- 
ing, but most of the plants 
continue a sickly existence 
for a month or more, and a 
few live through the sum- 
mer, heading imperfectly 
(fig. 5). In theee later 
stages when the interior 
blackening is most pro- 
nounced it may be difficult to distinguish yellows from black-rot; 
therefore tho two diseases aro often confused. 

Control. — Disinfection of the seed (p. 7) redue^ the danger of 
bringing the dSssaae to new distriets, The germs persist indefinitely 
in the soil, however, if once introduced. Sanitary measures and erop 
rotation are recommended, but these alone do not suffice to control 
yellows. Seod-bed infection is one of the worst dangers; hence, 
gvmt care should be taken to plant the S9«d in c\mn soil. St#«m 




4. — Cftbbapo yellows: A socdUnp plant 
dwarfed and leaves curled by one-sided Infec- 
Uofl. 4 normal plsnt of tbU ttliould be 
twice «8 larKe. 
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steriliziitlon may be pruetieed to adviyifeuge by truckers, but, of course, 
for exteusive field opei'iitious this can not be doue. Even if perfeetly 
henlthy plants are transplanted into :m infeeted field they may be 
attackad b«dly. The onh* safety, therefore, lies in either planting 
the eroj) on disease-free land or else in using only 3'ellows-rGBist&^nt 
varieties (fig. 0) as listed holow. 




FiS. ®. — C#^^!i^i j'^Monop, l«t®r fitaf i« : Where tlie plants am not atu^bed feoo »ev»r«l-y 
or are no^tfirMt fiii«tiint tbt^ ma^ continue a sickly »x l < t i «Ki» throu<£h the »«i«on. 
Such. plaM »rt yv^lowMraa^ tlit lower leaves keep dyl<t{i,a#i0 Call leg. The attaak U 
often worse on one side, warping or curllnjf ^tli« stems. 



In infected districts esj)ecial precautions are necessary to cheek 
the spread of yellows to new soil. Farm tools, animals, and surface 
mauler are counnou earriei'S, and a case is reeordid wh#rt tJie disease 
was introduced by usiaig iiifeeteid drainage water when scttiug the 
plants. 

Resistant varieties, — There is a marked difTcrenee in i^&rietal sus- 
ceptibility to yellows, and b)' selection highl)' resistant strains have 
been secured. The Volga and Houser are the hardiest of the older 
dom@«<fcie i^Hi'iili^. Th# WisTOnsin Holliindei* is a disease- reeistunt 



CABBAGE DISEASES. 



17 



selection from the standard winter variety Hollander and should 
l)c used ^vherever the winter crop is grown on " jellows-sick " soil. 
Contimcrcial ciiH>ftge growers are nrged to give atte<ntion not only U) 
securing resistant strains but to improving them. Certain cabbage 
growers where " yellows-sick " soil occurs should make a practice of 
selecting the beet t^p^ of h<»«Ithy hejids (fig. 7) from infe<?ted' firfds 
and from these grow seed for local use. 

Only a limited suppi}- of the yellows-resistant cabbage seed is 
as yet produced, and this is largdy of Uie ffolliiid^i' vi-riM-y, 
adapted to Wisconsin conditions. Other varieties resistant to the 
disease must yet be developed in the various localities in which the}' 
are grown, and c-abbiige breeding for this purpote is now under way 




Fio. (i. — Cabbage yellows: Commercial lloUamler, a nonroRlstant variety (on the left), 
sliowlug only a few .sickly plants still alive amonj? the weeds. Wisconsin Motlit^iiii^jii 
resistant variety (In the rest of the HeH)* driving practically a full staml. 



in several States. The growers wishing seed of resistant strains 
should write directly to the (H rector of tJie er|)erflti#nt ^Ation in the 
State in which they reside. 

Distribution and Ios.s. — Cabbage yellows (K'ciirs seriously from 
Lang Ishuid to Iowa, including the southern part^ of New York, 
Michigan, AVisconsin, and Minnesota, and southward as far as cab- 
bages are grown as a summer crop. It is worse in warm, dry sum- 
mers, and does little or no damage in ^le cooter exti'eiue noi-tliern 
sections or aU)ng the northern Pacific coast, while the winter-grown 
cabbage of the Southern States also escapes the disease. Tii certain 
intoiisi¥« cubbtge-growing g^b^ous in flie region indicnted, especially 
in the latitude of New Jerse}^ and ^laryland westward to southern 
AVisconsin and Iowa, this disease has been rapidly increasing in 
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extent and seriousness. In bad seasons it may destroy 90 per cent of 
the crop and, indeed, is the limiting factor in success %vith cabbage 
as a field crop. 

Cause. — Calilmgo yellows Is cause<l by n soil fungiis/ This organism wlion 
once introduced seems capable of persisting Indefinitely In favorable soils, 
aitbongb cabbage Is not grown. Tbe parasite requires high temperatures and 
even on tbe " sickest solis It docs not attack tbe cabbage xmtil tbe soil warms 
up to id>out {)()" 1*\ or above, wbicb In tbe Xortbern Stat(*s means nddsummer. 
Tbi» explains tlie variations In the seasonal and geographical distribution of the 
diHAM^ C4>ol, mol«t tuninwr^ tmMnf; to \mmm t1i« lom *nd hot, dry stensons to 
aggravat* H. i 

Infection takoi place tiirough tbe young reots, and It Is especially Injurious, 
therefore, Innnediately following tran^anting, when t\\e new rciot system 
nnist i>e deveiopcMl. 




WiQ, 7. — >4 n«fcd wtti) " «A4)b«ge-f;lck soil, m<mt of tl>« lyUnts Imvlnf htm k411«c] by the 
yetlow«. 4 ftw i^kaii^tli have wlttitttootl fSie dk®ii^F» and If »tich aro M^^ct^ for Heed and 
the |>roe«Mi .r«f»#iit«td for stMPMl ymrk n rmlmt^nl ntr^ may be m*cured. 



Tbe vegetative part of the fimgus conffeits o^ ni Unite, colorless threads calteil 
the myc<*lium. This develops rapidly within flie stem and leaves, which are 
killed and discolored as It progresses from the young roots upward through 
the stem and loaves. Hy thus crippling or destroying the absorbing and con- 
dncting systems of the plant, gradual starvation results. 

Thrae forms of reproductive bodies (spores) are known. One type Is com- 
poted Oif ool(^iie«i ^ckl,«-shapo*l bodies divided Into two or more p«rts. '^mm 
are 1^orm«d on the surface of the d«ad cabbage plant. AnotW tfirm 
colorlem, ovtil tn shap^, and' often formed wl^^n vessels of th# hoit. A 
third type Is roundish, thick- walled, and abte tso Withstand severer weather 
conditions; hence, It Is especially adapted for ov^M^Hit^ring or wide dlM^lna- 
tioE of ^ fMngus. It 1# probftbif that th» fiid|pus not only llrog ov«r on old 
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cabbage stumps but persists Indefinitely on decaying vegetable matter In tlic 
soil, even producing Its spores and disseminating Itself In tlils way. 

Closely relateil species of Fusarlum cause numerous diseases of otiier crops. 
Among those well known and commonly met with are the dry-rot of potatoes, 
the scab of wheat, ajid the wilt dlstases of sweet potato, flax, tomato, cotton, 
4M coW^. dMia««; «re. how«v#r. all ^Isllnet from tlmt a£. fii« cmbbaf ; 

hence, any of th%m crop m«j bf rotAlfti cablHigm. 

BLACK-LEG (f^f^ll^T. WILT). 

Description, — Black-leg is known as a destructive disease on only 
cabbage and cauliflower, although it ma}' attack Brussels sprouts, 
kohl-rabi, eollards, 
rape, kale, rutabaga, 
turnip, radish, sweet 
tlj-ssuin, and various 
related cultivated 
and weed plants of 
tlve mustard family. 
It ma}" invade almost 
any part of the 
plajit, biit the worst 
damage occurs when 
it blackens and kills 
the stems of young 
plants in the seed 
l)cd or field ; whence 
its common names. 

The earliest symp- 
toms may appear in 
the seed bed two or 
th ree weeks before 
transplanting time. 
Iuf®ctioti freqiwuriy 
occurs on the stem 
near the surface of 
tlie ground, causing 
dark sunken or irregular areas. From these spots the disease spreads, 
gradually killing the base of the stem and root (fig. 8), so that the 
plant wilts and perishes. Such wilting of the entire plant is charac- 
teristic of the advanced stages of black-leg, and the leaves adhere to 
the stem (see fig. 10), instead of falling off as in yellows. Frequently 
plajits fttt'ftckkl by bljhek-leg show a purpling of tli« kaves as the first 
conspicuous symptom, even before any wilting occurs. Often the dis- 
ease may appear as dead spots on the older leaves or leafstalks, and 
Wi^ $md pUnt« tim spotting of th% flow^ing branches and ^>d pods 




Fi6. S.^BUck-lte of etj)&«f#. sHoWlt^ tlte Mdiftaa- black- 
ening of tbe main vwK ^ble tIcrclopmfiBt o^ ttc 
D«w Mm wmii^ vkfym. 
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is common. It is often difficult to distinguish the stem-rot caused by 
black-I^ frmn mnggai injury, (he more so as tile two oft^i oCCiir 
together. Certain other fungi also cause leaf spots resembling those 
of black-leg. (See pp. 28 and 20.) It is, tlicrefore, importmit to 
note that the pecnliar character of black-leg which sm^fm to distin- 
guif^h it is that in its advanced f^tage the dead areas are covered with 
minute bh*ick specks, like pin points (fig. 0), These are the frnitlng 
bodiiB of tJie parasite (pycnidin) filled inth the sporcs by 'which 
the disease is disseminated nnd overwinters. 

Control — The bkck-lcg parasite is harbored in the soil by tliese 
frurting bodies on fi'agm(mts of riie diseased stems tmd learns, which 



measures nre to be recommended. These involve such precautions 
as can reasonably be taken to destroy or keep from scattering dis- 
eased materials. It is a good practice to remove promptly and bury 
deeply or burn diseased plants, to be careful about scattering diseased 
plant leaves on noninfected land, and to restrain stock from roaming 
ft'om inffected to nmiilif«ct-dd fiilds. 

Distribution and loss. — Black-leg occurs very generally in the 
regions where cabbage has been grown for long periods. In the 
United St4t^ it is more cotnmoii in th* imd Woi*t4i than west- 
ward and southward, although it is reported from Alabama on cab- 
bage, and from the Pacific coast regions (Oregon) on rape as well 




Kic. 9. — Ulack-log of cabbage : A portion of a 
i««f iiho«'lii|^ injury mi t^o MeimjJilie pl«e»i, 
\ti «iiich lNm^oti« Mihati bla^ fruttlog 
b«<Nli of 1 lit ol'iiAMtm ftj-^ prodtaced. 




In case of bad developments 
crop rotation should be prac- 
ticed, and in general sanitary 
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as enbbage. It is to be expected sooii^a* or later wherefer intensife 
cabbage culture is established. 

The loss is ordinarily small if proper precautions arc t-akeu as to 
sanit^'ttiouj ^ed bed, JUid rotation. Wlicrc tliese kire disraf ardM the 
loss niav range from 5 to 10 per co-nt up to 50 to 100 per e«nt of the 
crop (fig. 10). 

Cause, — Binck-les is oausotl by a parnsitio fungus.' This in:i.v be carried wltli 
ti»c scetl and persists in tlic soii. Tlic first Infections coininonl.v take place In tlie 
soed bed, more often in tlic stems than on the icavcs. Mag}jot or other hiscct 
hijurics favor these, although Infection occurs readily in the absence of wounds. 
Tlie rate of devalopinent varies widely witii tomperature and moisture, but «s a 
ruia t4j« p#irjlsitii kilte %mA dl«calors ^;»ots m\ Umm or Itur^e, nud wittfin tmi 
v^mkB these arc umiAll)^ ChiCki^^ sfudd^l witli nuni«roiis black »iY^k« nlK>nt the 
^\z^ of a pin point. In t1iem» i)ladv bodics ^ire conoiin^d tJie ipores, which art* 




F*i@. 10.^ — UIack l«f of cabbiig^, ct using tb« wUtlnK and d.vliif; of the lower loaves and a 
\wn of oter 7S per c#Bt of tlvc crop In a field. 



^niUI and colorless and upon (nwAui^ out are disri'tbuttxl l)y wat<M", wiM, lanects, 
aiid other agencies to healtliy Ida^m and b€W plants. Wtt weather Is favorable 
m file rapid spread of tl»e d1ieasi€, while tlic atrurrenc* df maggots or flootllng 
witJi water Increa^ the liabUlty. 

iOtT-*OT. 

Desa^iptlon, — Soft-rot of erueifers is characterized by a soft, 
mushy, almost slimy decay, ^vhieh after entering, generally at the 
Gifowii or root trp, spreads rapkUy thro?iighout whole plant-. The 
soft-rot baet«ri» as % cl*S6 A.re ninj-kod hy Uicir ability t^) dasti'oy 



1 Phoma llfHffmt (Tode) U«»maz. 
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plants very quickly under favorable temperature conditions. They 
seldom affect uninjured plants, but require a wound or other injury 
to gain a foothold. Infection takes place in the field, where con- 
siderable damage has been occasioned, but the greatest destruction 
to this crop is caused in the cabbage storage houses. Under improper 
storage conditions the disease spreads rapidly, frequently covering 
all the outer leaves. The slime formed under these conditions is 
very unsightly and consequently affects the market value, even though 
only slight injury is caused. 

Control— Fields where the disease is known to occur should be 
avoided and rotation practiced with crops not injured by soft-rot 
organisms. It has been found that in storage houses, where the 
maximum loss occurs, an increase of the temperature much above 
the freezing point and a high percentage of humidity will result in 
rapid decay. In view of this fact it is advisable that a temperature 
uniformly 1 or 2 degrees above freezing should be maintained and 
the relative humidity kept near that of the outdoor air by careful 
ventilation. Furthermore, cabbage and other crops when going into 
storage should be handled carefully, so that they will be injured as 
little as possible. Since the soft-rot organisms are especially sensi- 
tive to light and drying, the crop should be thoroughly dried in the 
sunshine before being put into storage. 

Distribution and loss.—The loss from soft-rot is considerable, es- 
pecially in storage houses, where 25 to 50 per cent or more of the 
crop has been destroyed in a single season. The greatest loss occurs 
in New York and Wisconsin, where the storage of cabbage forms an 
important industry. 

Cause.— Boft-rot in cabbage and related crops is due to bacteria belonging to 
a group usually referred to as the soft-rot bacteria ^ which may attack carrots, 
turnips, celery, and other vegetables. 

ROOT-ROT (WILT). 

Cabbage is frequently grown on rather heavy flat land which is 
not well drained. Under these circumstances heavy rains may cause 
surface flooding, especially in any low spots. Where this occurs in 
midsummer, so that the ground is covered or saturated with water 
for a few days, especially if followed by hot, sunny days, the fibrous 
roots are soon drowned or killed from lack of oxygen. Such roots 
quickly rot, the leaves wilt, and the plants die. It is, of course, im- 
portant not to confuse the wilting from this cause with similar wilt 
due to either of the two parasitic diseases already described, clubroot 
and black-leg. 



1 Bacillus carotovorus Jones is a typical example. 
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MALKUTltlTION. A PHYSIOLOGICAL DfSEASK. 

Malniitriticni is n tpoifbl^ wliich feffecte embbitge, eiwiKi^w®!', a-nd 
other crops, especially in the Southern States. It is quite different 
from any of the diseases previously disenssed, all of whieh are eaused 




11. — A cal}1>«^ l«iif ^howlug the characteristic symptoms uf m«lDUtrltlOQ. Hc- 
t\YCon the veins the tissue Is a llRht yellow. 

bj pm^asites. By malnutritian is inaiiuit a disturbance of the normal 
fuBc^ioiis of a pl^nt, which may be a res#t of its inabilitj^ to obtain 
Uie proper nutrient ^b®tiwie@s from tlie soil. Malnutrition may be 
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caused in several ways, such as the excessive use of mineral fertilizers, 
the lack of humus, or the accumulation of acids in the soil. 

Description, — The most characteristic symptom of malnutrition is 
a change of the normal green of the leaves to a light green or yellow 
between the veins and around the margins. (See fig. 11.) The 
lower leaves are the first to show symptoms; then the upper and 
inner ones. All diseased leaves are perceptibly thickened and so 
brittle as to be easily crushed between the fingers. 

The heads from plants slightly affected are small and immature; 
when plants are badly diseased no heads are formed. 

The roots are small and the lateral feeders few in number and fre- 
quently dead at the extreme end. Often the epidermis of the stem 
at the surface of the soil is injured, closely resembling the corrosive 
action of some acids and alkalis. 

Control. — In controlling malnutrition, four points need considera- 
tion: (1) The limitation of the quantity of fertilizers used; (2) the 
adjustment of the composition of the fertilizer to meet the crop 
requirements; (3) the rational use of lime; and (4) the maintenance 
of the organic matter of the soil. 

The practice of farmers tends to increase the quantity of fertilizers 
when the preceding crop was poor, in the belief that the yield can 
in this way be maintained. This practice is not always the best. As 
a result of experiments on early cabbage in Viriginia it was shown 
that better yields could be obtained from 1,000 pounds per acre of 
mineral fertilizer than from any larger quantity up to 4,500 pounds, 
which gave the smallest yield of all. 

The composition of the fertilizer or the ratio of the different sub- 
stances composing it should be such as to give an alkaline rather 
than an acid reaction, for acid soils have been found to increase and 
alkaline soils to decrease the severity of the malady. As malnutri- 
tion is worst on acid soils, air-slaked lime at the rate of 1,000 to 2,000 
pounds per acre should be added. Among the more important ef- 
fects of liming soil the following may be mentioned: (1) To render 
available certain forms of plant food, especially compounds con- 
taining potassium ; (2) to facilitate the decomposition of organic 
matter by encouraging the growth of microorganisms; (3) to pro- 
mote the growth of organisms that gather nitrogen from the air ; 
and (4) to improve the physical texture of the soil. 

Many of the old cultivated fields of the South are ordinarily defi- 
cient in humus or organic matter, a condition for which mineral 
fertilizers are largely responsible. 

Humus can be supplied to such a soil by the use of stable manure 
or by growing green-manure crops, such as cowpeas, soy beans, 
vetches, etc., to be turned under when mature. The results from this 
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method of restoring natural fertility to the soil are ordinarily very 
marked on the first succeeding crop. 

Distribution and loss, — Malnutrition diseases are confined prin- 
cipally to those localities where mineral fertilizers are used in order 
to produce larger and earlier crops. The disease, therefore, is re- 
stricted mostly to the Southern States. In general these soils are 
poor, respond quickly to fertilizers, and have been intensively and 
carelessly farmed for many years. The loss from this trouble, 
though large, can not be accurately estimated. 

Cause. — Constant, clean cultivation for many years has robbed the soil of 
most of its original fertility. The farmers, therefore, naturally turned to the 
use of commercial fertilizers as a substitute. The results for many years were 
very gratifying. At the outset better crops were obtained than was possible on 
the best soils without fertilizers. This led the farmers to believe that fertilizers 
alone were necessary on any soil and the more used the greater the yield. 
When the returns decreased as a result of this practice the quantity applied 
was gradually increased until it was not uncommon to add as much as 3,000 
pounds of mineral fertilizers per acre for a single crop of cabbage. A large 
part of the fertilizer applied was not used by the plants, but remained in the 
soil, where in the course of a number of years a considerable quantity 
accumulated. 

It is a well-known fact that the salts comprising mineral fertilizers are 
poisonous to plants when used in excessive quantities. Some fertilizers have 
an acid reaction and eventually cause what is popularly known as " sour soil." 
On the other hand, a small quantity of acid in the soil is not generally in- 
jurious, but it is not uncommon to find soil in the South so acid as to require 
5,000 to 9,000 or more pounds of lime per acre to neutralize it. No agricultural 
plants will give their best yield under such conditions. 

Briefly summarized, malnutrition in truck crops is caused by the excessive 
use of mineral fertilizers and the exhaustion of the humus of the soil. 

DOWNY MILDEW. 

Description. — ^Downy mildew first appears in the spring as a 
whitish mold in isolated spots on the undersides of the leaves. It 
may also occur on the stems. At the close of the season the portion 
of the leaf immediately surrounding the diseased area appears yel- 
low and later turns brown and dries up. Frequently, light areas are 
observed in the center of a dark ring, which in turn is surrounded 
by a light or yellow area, thus presenting a conspicuous mottled ap- 
pearance. 

Control, — Downy mildew is seldom so troublesome as to require 
remedial measures. It is likely that most cruciferous weeds are at- 
tacked by this organism. Such weeds are sources of infection to 
cabbage and related crops and should be kept down. Any plants 
found diseased in the seed bed should be destroyed, not planted. The 
remains from diseased plants should be destroyed, as they serve to 
carry the resting spores over the winter. Crop rotation should be 
practiced. The plants should not be grown too thick or kept too 
wet in the seed bed. If, in spite of such precautions, the mildew is 
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serious, the plants in the seed bed should be sprayed about once a 
week with Bordeaux mixture (4-4-50 formula).^ 

Dhtribution and loss. — Downy mildew seldom causes any serious 
loss except in seed beds. It has been found in Australia and Europe 
and has been reported from several States in the United States. It 
undoubtedly occurs wherever cabbage is grown, but owing to the 
fact that it causes but little loss to the crops it has not been reported. 

Cause.— Bownj mildew^ attacks all crucifers and causes distortions and ab- 
normal growth. Two forms of reproductive bodies are produced. In one of 
these spores are developed in the air on the surface of the host, forming a 
visible down coating. When these spores germinate, the germ tube enters the 
tissue of the host and a new infection is started. These reproductive bodies are 
formed in great numbers and are readily carried from one plant to another by 
a gentle breeze or by insects. The disease is carried through the winter by 
means of yellowish, thick-walled bodies which are able to withstand unfavorable 
conditions until spring, when they germinate and reestablish the disease. 

WHITE-RUST. 

Young plants are more subject to attack, but the damage to 
cruciferous crops from white-rust is ordinarily very slight. The 
disease may occur on any part of the plant above ground, but more 
frequently on the leaves, where the tissue is often stimulated to 
distorted and abnormal growth. Moist, cloudy weather furnishes 
suitable conditions for the spread and growth of this disease. 

Control, — Control measures are rarely necessary ; if required, spray 
the plants in the seed bed once each week with Bordeaux mixture 
(4-4-50 formula \). The seed bed should not be kept too moist. 
Set only healthy plants in the fields and destroy all others. 

Distribution, — White-rust is distributed throughout the world and 
is found on all crucifers. Apparently, however, it does not spread 
from the common wild mustards of America or from radish to cab- 
bage. This indicates that there are specialized races or forms of the 
parasite and may account for the fact that the disease is not found as 
widespread on cabbage as on most other related plants. 

Cause. — The disease is caused by a fungus ' which enters the tissue of the host 
through the stomata, or breathing pores. Small oval spores are formed, which 
are attached one to another in a beadlike manner under the surface. They 
finally escape and are then easily wafted by the wind or carried on the body 
of insects to other plants. In the presence of sufiicient moisture and at low 
temperatures they readily germinate, and the fungus enters the stomata, or 
breathing pores, if lodged on the proper host. The disease is carried through 
the winter by the formation of bodies within the tissue of the host, from which 
they are set free the following spring by the decay of the plant. 

1 This formula is 4 pounds of copper sulphate (blue vitriol) and 4 pounds of stone lime 
to 5p gallons of water. 

^ PeroHospora parasitica (Pers.) De By. 
^ ATbugo caddida (Pers.) Ktz. 
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DROP. 

Description. — The earliest symptoms of the disease known as drop 
are indicated by water-soaked areas over the stem and lower leaves. 
This wilting of the lower leaves is followed by the whole plant col- 
lapsing finally into a shapeless mass. The plant may succumb to 
the disease in a few days, or it may live from one to two or more 
weeks. In and about the decayed region a dense, white, cottony mass 
of mycelium accumulates. In the later stages of the disease irregu- 
larly shaped, hard, black bodies, about the size of a mustard seed, 
are to be found scattered among this cottony mass. These bodies 
are almost sure evidence of the disease. 

Control. — ^This fungus is best known as the cause of the lettuce 
drop. ^ It also causes a serious disease of the cucumber, carrot, and 
potato, of various bulbs, and of other plants. In view of this fact, 
care should be taken in the rotation not to follow lettuce with cab- 
bage on fields where the drop has occurred. It is further advisable, 
when possible, to pull up and destroy infected plants. Compost 
which may contain the refuse of lettuce, cabbage, and other crops 
that have been destroyed by the fungus should not be used on cab- 
bage beds or in the field. 

Distribution and loss. — The cabbage drop is worst along the Gulf 
coast region. During some seasons the disease causes heavy losses 
to the crop in southern Alabama and parts of Florida and Texas. 
Though its distribution has not been thoroughly studied, it is likely 
that the disease occurs in other States as well. 

Cause. — The drop is caused by a fungus ^ made up of a coarse, white, fungous 
growth which forms in and about the decayed region of the host. Later the 
hard, black bodies mentioned above develop from the mycelium. 

SPOT DISEASE OF CAULIFLOWER. 

The spot disease was first found to attack the leaves of cauliflower, 
but later was observed on cabbage to a more limited extent. It 
causes on the lower surface of the leaf, and less abundantly on the 
upper, small brownish to purplish gray spots (fig. 12) somewhat ir- 
regular in outline. A puckering of the leaf results when the midrib 
and larger veins are badly affected. 

Some loss was caused to cauliflower in tidewater Virginia during 
the spring of 1911, where 25 to 90 per cent of the plants in the worst 
cases were attacked. 

This is a new disease of cauliflower and cabbage, due to a bac- 
terium, and no means for its control have been worked out. It has 
been observed that the spot disease is most severe during cool, damp 
weather, and is held in check when the warm, sunny days of late 
spring come on. In view of the fact that the organism is especially 



^Sclerotinia Uhertiana Fuckel. 
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sensitive to snnshine «nd warm weather, it is not likely to cause any 
serious damage except during protracted rainy, cool weatJior. Crop 
rots^Uon should fet «mpl5jad in controlling it. So t^r %s kno\fn, tJie 
orgtnisra caiasing Ui« spot disease of cauliflower and cahbage doeg 

not attack any other crncifei's. 

MhXCK LEAF-SPOT (BLACK MOLD). 

Z?e#^lfMdffc-^nie black leaf-spot 
fungus may attack the cabbage pLint 
at any stage of its growth, but is not 
common excej)* on yit oJd^r leaves in 
the field or on heads in storage. In 
the field it appears on the lower or 
onite«' lea vee of tlie mahn-ing plaaits as 
distinct, roundish, black spots, com- 
monly marked with concentiMc brown 
zones (fig. IS), 'llwrn &pats vary frotn 
one-fourth to one-half an inch or more 
in diameter. In storage these spots 
may bl«id feogeiliei' unHl tJi€ onto* 
leaves are covered and entirely black- 
ened by the moldy development. 

Control, — To prevent loss from this 
fungus in the storage house the follow- 
ing suggestions should be observed: 
(1) Di^nfoct tJie st<yrag« honae by 
spraying the walls, benches, and bins 
with Bordeaux mixture; (2) exercise 
care in ha.ndlrng. so a-s to minimize 
injury to the heads; (3) maintain a 
temperature 1 or 2 degrees above 
friiesifng; and (4) keep ih4 hwttidity 
as low as possible by proper ventila- 
tion of the house with outside air. 

DtstribuMon mid los^, — ^Bkci leaf- 
spot causes considerable damage to 
cabbage and collards in this country 
and in Etirope. The greatest loss to 
cabbage occurs in the storage houses. 
The organism causing the disease is present in the houses under 
ordinaiy conditions, or it ma^ be carried there wrtii tlie clJbbage 
when it goes into storage. It gains access to the tissue through 
wounds made by handling and cutting or by following up the tissue 
killed by otiier o^'gunisms. In the preeGiw*e of plsH^y of Rioisture 
and a suitable temperature it develops rapidly, formijag unsightly 
black mold over the heads. 




Fig. 12. — Upper siirUcc of & ^^11- 
fiow«F Imt, sliowlQs typical In- 
Jury causod by fb« spot-dlscasc 
organism. 
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Cxtme, — Th« cominon«$t farm of black l^nf-i^ot Is due to a fungus/ hut 
otber rtlatt^l fungi may c&wm sLmlUr \mt Sipottlr^ and other fungi contribute 
to the moUllng la storage. 

po^^^)ERY mildew. 

Powdery mildew is caused by a parasitic fungus- which forms 
a wliite 2>ow^^iT ^l"st on tiim of turnips, cabbage, ajid % few 

ofhcr plants. The loss c*ug«d by this dis^r^ is so slight that txeat- 
ment is unnecessary'. 

DAMPING-OFF. 

Dsunping-ofT is a disease of young seedlings and may be caused by 
nny one of several species of fungi. It occurs niosth' in the seed bed, 
wteot'e i>JMitte are growing in m crowded coadition. It is rarely found 
in the open field. It is also 
n common disease in green- 
hoiiseSj wlwe a rdativel}^ 
high humidity is main- 
tained and where the plants 
ar<* protictei frotii sunshine 
and free circuhition of the 
air. The disease usualh' 
atl?icics tlie !§eedling on the 
stem at the .surface of the 
soil soon after it comes 
Un'ough fehii gi'oimd. It 
soon girdles the stem and 
destroys the epidermis. 

Thm piunt flnany timples . . , , 

*^ I'lR. 13. — Black li'af-spot of cnbbape; dmraclcrlzod 

over and dies. by conceiitric rloKS. 

Preventive rather than 
eni'atiifle n^ans^nm shonkl l>e smployftd for Uiis dia©«i|g. Since it may 
result from spores carried on the seed, it is beet to disinfcot the se^d 
(p. — ) as a general precaution. 

If dmnping-off his o&nrred be^e* tibe soil ^hmdd n<^ ht used 
again, or if used should be sterilized in accordance with one of the 
methods alread}' discussed. An}' method that will prevent the ac- 
citmnlfttio'n of t-oo much moiskrr® in tli# stirf^ soil and reduce tJie 
relative humidity of the air about the plants is advnntageous in pre- 
venting damping-ofr. This can be accomplished b}' practicing the 
following sugge6lion«: (1) The upT>®r laym* of soil should be fre- 
quently stirred; (2) a free circulation of air «abont the plants and 
exposure to sunshine should be permitted; (3) the plants should be 
wintered in yie morning in preference to tJie late afternoon or even- 
ing; and (4) a layer of fin-e^ heaiisd sand should l>e sprinkled ovoir tli« 
surface of the soil. 




^ Mtcrnarta brastticae (Rork.) Sacc. 
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